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Background: Due to the inconvenience of performing oral glucose tolerance tests and day to day variability in glucose level, gly- 
cated hemoglobin (HbAlc) has been recommended by the American Diabetes Association as a method to diagnose diabetes. In 
addition, the Korean Diabetes Association has also recommended the use of HbAlc as a diagnostic test for diabetes. In this 
study, we evaluated the prevalence of diabetes according to fasting plasma glucose (FPG) level only or the combination of FPG 
and HbAlc tests. 

Methods: Data from the 2011 Korea National Health and Nutrition Examination Survey (KNHANES) were analyzed. Among 
5,81 1 subjects aged 30 years or older, 5,020 were selected after excluding the data of fasting time <8 hours, missing values from 
fasting glucose or HbAlc level, previous diagnosis of diabetes made by physicians, or current use of antidiabetic medications. 
Diabetes was defined as FPG > 126 mg/dL, previous diagnosis of diabetes made by a medical doctor, current use of antidiabetic 
medications, and/or HbAlc >6.5%. Prediabetes was defined as FPG of 100 to 125 mg/dL and/or HbAlc of 5.7% to 6.4%. 
Results: When we used FPG only, the prevalence of diabetes and prediabetes were 10.5% (men, 12.6%; women, 8.5%) and 19.3% 
(men, 23.8%; women, 14.9%), respectively. When HbAlc was included as a diagnostic test, the prevalence of diabetes and predi- 
abetes increased to 12.4% (men, 14.5%; women, 10.4%) and 38.3% (men, 41%; women, 35.7%), respectively. Participants with 
HbAlc >6.5% and fasting glucose level < 126 mg/dL were older and had lower estimated glomerular filtration rate. 
Conclusion: We concluded that using fasting glucose level only may result in an underestimation of diabetes and prediabetes. 
HbAlc is an acceptable complementary diagnostic test for diabetes in Korean patients. However, national standardization is 
needed to order to use HbAlc as a diagnostic method of diabetes and prediabetes. 
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INTRODUCTION 

The prevalence of type 2 diabetes has tremendously increased 
worldwide and in Korea [1-3]. Type 2 diabetes was previously 
denned using fasting plasma glucose (FPG) and 2-hour plas- 
ma glucose (PPG) level measured during an oral glucose toler- 
ance test (OGTT). Glycated hemoglobin (HbAlc) has been 
used as a glycemic marker of diabetes treatment. In June 2009, 
the International Expert Committee recommended the use of 
the HbAlc test with a threshold >6.5% to diagnose diabetes, 
which has since been adopted by the American Diabetes As- 
sociation [4,5] . The Korean Diabetes Association also recom- 
mended HbAlc as a diagnostic test [6]. Using HbAlc to diag- 
nose diabetes may identify additional subjects compared to 
using only fasting glucose level because the measurements of 
fasting glucose and HbAlc reflect different aspects of glucose 
metabolism [4,7-9] . After applying this new recommendation, 
the prevalence of undiagnosed diabetes increased [ 10] . 

Although HbAlc may be affected by red cell turnover and 
renal function rather than glycemia, HbAlc is still a useful di- 
agnostic method of diabetes because of the many advantages 
such as reduced intraindividual variability, better stability after 
collection, and no need for fasting compared with measure- 
ment of fasting glucose level [4,5] . In comparison, OGTT is a 
more difficult and time-consuming test to perform than eval- 
uating HbAlc level. If using FPG only for diagnosis of diabe- 
tes, individuals with FPG < 126 mg/dL and PPG >200 mg/dL 
may be missed because results from FPG and PPG can show a 
discordance [11-14]. An advantage of using HbAlc level is 
that it can be determined by both FPG and PPG exposure [7- 
9]. If using FPG as well as HbAlc in a large-scale screening 
survey, subjects with FPG < 126 mg/dL and PPG >200 mg/dL 
may be diagnosed with diabetes. 

We evaluated the prevalence of diabetes according to FPG 
only and both FPG and HbAlc levels using data from the Ko- 
rea National Health and Nutrition Examination Survey 
(KNHANES). In addition, we investigated the trend of the 
prevalence of diabetes according to sex and age and estimated 
the population of patients with diabetes or prediabetes. 

METHODS 

Data source and subjects 

This study was based on data from 20 1 1 , the second year of the 
5th KNHANES V-2 [15] . The KNHANES is a nationally repre- 



sentative, cross-sectional survey designed to estimate the 
health and nutritional status of the Korean population as deter- 
mined by the Division of Health and Nutrition Survey under 
the Korea Centers for Disease Control and Prevention. This 
survey used a rolling sampling design with stratified multistage 
cluster probability sampling. The KNHANES consisted of a 
health interview survey, health examination survey, and nutri- 
tion survey. A stratified, multistage probability sampling was 
used for the selection of 192 primary sampling units (survey 
districts), and 3,840 households were extracted and surveyed. 
A total of 10,589 individuals were sampled for the KNHANES 
V-2, and 8,518 participated in the survey, for a response rate of 
80.4%. Of the 8,518 participants in the health survey, we ex- 
cluded 2,707 subjects aged <30 years, 1,158 subjects with miss- 
ing glucose or HbAlc, 476 subjects who fasted for less than 8 
hours, and 108 subjects who had not been previously diag- 
nosed by a medical doctor or based on current use of antidia- 
betic medications. The number of excluded subjects among 
adults aged >30 years was 791. These subjects were more likely 
to be older, male, and have higher FPG than individuals in- 
cluded in the analysis. Therefore, the prevalence of diabetes 
may be slightly underestimated because excluded subjects 
might have a higher risk of diabetes. Finally, 5,020 subjects 
were included in this analysis (Fig. 1). The total number of 
adults aged >30 years in Korea was estimated to be 31,623,912 
(15,442,222 men and 16,181,690 women). 

Subjects with a previous diagnosis of diabetes made by a 
physician or those taking insulin or oral hypoglycemic agents 
were classified as known diabetes. Newly diagnosed diabetes 
was defined as individuals with FPG > 126 mg/dL and/ or 
HbAlc > 6.5% in the absence of known diabetes. Prediabetes 
was classified as FPG between 100 and 125 mg/dL and/or 
HbAlc between 5.7% and 6.4% [5] . 

All individuals in the survey participated voluntarily, and 
informed consent was obtained from all participants. The sur- 
vey protocol was approved by the institutional review board of 
the Korean Centers for Disease Control and Prevention. 

Biochemical measurements 

Blood was collected from the antecubital vein of each partici- 
pant after overnight fasting. The samples were properly pro- 
cessed, refrigerated at 2°C to 8°C, and transported to the Cen- 
tral Testing Institute in Seoul, Korea. Blood samples were ana- 
lyzed within 24 hours of transportation. Analysis of fasting 
glucose was performed using a Hitachi Automatic Analyzer 
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10,589 Total subjects of KNHANES V-2 



8,518 Respondents 



2,707 Age < 30 years 



576 Missing values from fasting glucose 



582 Missing values from HbAlc level 



1 86+290 Fasting time < 8 hours or missing values 



108 Missing previous diagnosis of diabetes made by 
medical doctors or current use of antidiabetic 
medications 



5,020 Participants 



Fig. 1. Study population framework. KNHANES, Korea National Health and Nutrition Examination Survey; HbAlc, glycated 
hemoglobin. 



7600 (Hitachi, Tokyo, Japan). HbAlc level was measured with 
high performance liquid chromatography- 723G7 (Tosoh, To- 
kyo, Japan). Estimated glomerular filtration rates (eGFRs) 
were calculated with the Cockcroft-Gault formula [16]. 

Statistical analysis 

The data were analyzed with complex-samples analysis proce- 
dures in SPSS version 19.0 (IBM Co., Armonk, NY, USA). We 
used the KNHANES sampling weight variables with stratifica- 
tion and clustering variables to incorporate sample weights and 
adjust the analysis for the complex sample design of the survey. 
Nominal variables were presented as the number of cases and 
percentage and continuous variables as meant standard error. 
In order to compare characteristics of four mutually exclusive 
groups by FPG and HbAlc, general linear regressions were 
used for continuous variables. A 2-sided P<0.05 was consid- 



ered to be statistically significant. 
RESULTS 

We compared characteristics of the four groups by the presence 
or absence of FPG >126 mg/dL and HbAlc >6.5% after ex- 
cluding cases of known diabetes (Table 1). Most participants 
were classified into the same group by both FPG and HbAlc; 
94.9% of participants were classified as nondiabetic and 1 .9% as 
diabetic. However, discordant classifications occurred for 2.1% 
of subjects with a HbAlc >6.5% and FPG < 126 mg/dL and for 
1.1% with a HbAlc <6.5% and FPG > 126 mg/dL. Among the 
study population, 82.6% of individuals with a HbAlc >6.5% 
and FPG < 126 mg/dL had impaired fasting glucose ( 100 to 125 
mg/dL) and 82.9% with a HbAlc < 6.5% and FPG > 126 mg/dL 
had an HbAlc value between 5.7% to 6.4%. Subjects with 



http://e-dmj.org Diabetes Metab J 2013;37:349-357 



351 



dmj 



Jeon JY, et al. 



Table 1. Characteristics of Korea National Health and Nutri- 
tion Examination Survey participants without known diabetes 
using glycated hemoglobin and fasting plasma glucose 





HbAlc 


<6.5% 


HbAlc 


>6.5% 


Characteristic 


FPG < 126 


FPG > 126 


FPG <126 


FPG > 126 




mg/dL 


mg/dL 


mg/dL 


mg/dL 


No. (%) 


4,287 (94.9) 


39(1.1) 


97 (2.1) 


86(1.9) 


Age, yr 


48.9±0.4 a 


49.1±1.6 a 


58.3±1.9 


53.4±1.5 a 


Women, % 


52.3 


32.3 


50.4 


34.5 


Current smoker, % 


25.1 ±0.9 


32.3±8.5 


28.4 ±6.0 


35.9±6.8 


SBP, mm Hg 


118±0.4 a 


121 ±2.7 


126±2.1 


129±2.7 


DBP, mm Hg 


77 ±0.2 


78±2 


79+1.1 


82±1.4 a 


HTN, % 


26.5 


44.3 


44.2 


47.2 


BMI, kg/m 2 


23.8±0.1 a 


25.8±0.7 


26.4 ±0.5 


26.2 ±0.5 


WC,cm 


81.6±0.2 a 


90±1.8 


90±1.2 


90±1.0 


TC, mg/dL 


193±0.7 a 


199±4.9 


211±5.7 


205 ±6.1 


TG, mg/dL 


136±2.4 a 


166±15.6 


172±11.7 


222±24.0 a 


eGFR, 


91±0.7 a 


107±6.0 a 


84 ±3.4 


98±3.8 a 


mL/min/1.73 m 2 










eGFR <60 % 


9.1 


3.1 


21.2 


7.4 


Hb, g/dL 


14.1 ±0.0 


15.1±0.3 a 


14.3±0.2 


15.1±0.2 a 


AST, units/L 


22±0.2 a 


37±4.5 


29±2.3 


27.3±1.8 


ALT, units/L 


21±0.3 a 


45±7.3 


34 ±3.9 


35 ±3.0 


FPG, mg/dL 


93 ±0.2 


133±1.3 


111 + 1.4 


167±7.0 


HbAlc, % 


5.5±0.01 


6.0±0.06 


6.8 ±0.04 


8.0±0.21 



Values are presented as mean ± standard deviation. Data were ana- 
lyzed excluding 46 participants with missing variables. 
HbAlc, glycated hemoglobin; FPG, fasting plasma glucose; SBP, sys- 
tolic blood pressure; DBP, diastolic blood pressure; HTN, hyperten- 
sion; BMI, body mass index; WC, waist circumference; TC, total cho- 
lesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate 
were calculated using the Cockcroft-Gault formula; Hb, hemoglobin; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase. 
a P<0.05 compared with the group with HbAlc >6.5% and FPG 
< 126 mg/dL. 

HbAlc >6.5% and FPG <126 mg/dL were older and had a 
lower eGFR (P<0.05). 

The prevalence of newly diagnosed diabetes was 2.7% using 
FPG values only (Table 2). If HbAlc was added to the diagnos- 
tic measurement, the prevalence of newly diagnosed diabetes 
increased to 4.7%. The prevalence of diabetes was 10.5% based 
on FPG only (estimated to be 3.38 million people) and 12.4% 
based on both FPG and HbAlc (estimated to be 4.01 million 
people) (Tables 2 and 3). The prevalence of diabetes in male pa- 
tients increased from 12.6% to 14.5%, and the prevalence of dia- 



Table 2. Prevalence of diabetes and prediabetes by fasting 
plasma glucose and/ or glycated hemoglobin 





Male 


Female 


Total 


FPG only, % 








NFG 


63.6 


76.5 


70.2 


IFG 


23.8 


14.9 


19.3 


New DM 


3.7 


1.8 


2.7 


Known DM 


8.8 


6.7 


7.8 


Total DM 


12.6 


8.5 


10.5 


FPG and HbAlc, % 








NFG 


44.4 


53.8 


49.2 


IFG 


41.0 


35.7 


38.3 


New DM 


5.7 


3.7 


4.7 


Known DM 


8.8 


6.7 


7.8 


Total DM 


14.5 


10.4 


12.4 



NFG refers to FPG < 100 mg/dL and/or HbAlc <5.7%. IFG refers to 
FPG of 100 to 125 mg/dL and/or HbAlc of 5.7% to 6.4%. 
FPG, fasting plasma glucose; NFG, normal fasting glucose; IFG, im- 
paired fasting glucose; DM, diabetes mellitus; HbAlc, glycated he- 
moglobin. 



betes in female patients increased from 8.5% to 10.4% when in- 
cluding both tests. The percentage of individuals with prediabe- 
tes was 19.3% using FPG only (estimated to be 6.1 million peo- 
ple), and that number doubled if HbAlc level was added to FPG 
value (estimated to be 12.2 million people) (Tables 3 and 4). 

The prevalence of diabetes increased with age (Table 3, Fig. 
2). Participants aged >70 years had diabetes rates of greater 
than 20%. When HbAlc was used as an additional diagnostic 
tool of diabetes, the rate of increasing prevalence according to 
increasing age was high and around by 5% in the group aged 
>70 years. The prevalence of diabetes in males according to 
age was stable after the age of 50, but the prevalence of diabe- 
tes in females was found to continuously increase with age. 
The prevalence of prediabetes increased even more than the 
prevalence of diabetes when both FPG and HbAlc tests were 
used (Table 4, Fig. 3). Prediabetes was largely increased and 
was found in approximately 50% of subjects aged >60 years. 
HbAlc and FPG levels were highly correlated each other (r= 
0.820) (Fig. 4). 

DISCUSSION 

This study showed that an additional 2.1% of participants were 



352 



Diabetes Metab J 2013;37:349-357 http://e-dmj.org 



Prevalence of diabetes and prediabetes according to fasting plasma glucose and HbAlc 




Table 3. Prevalence of diabetes according to sex and age 



Age 


Total 


Male 


Female 


Number 1 


% 


Number 3 


% 


Number 3 


% 


Diabetes by only FPG, yr 














30-39 


204,840 


2.5±0.6 


151,995 


3.7+1.1 


52,846 


1.3 + 0.5 


40-49 


564,672 


6.6+1.1 


371,156 


8.5 + 1.9 


193,516 


4.6+1.1 


50-59 


977,811 


13.8+1.2 


687,194 


19.5+2.2 


290,618 


8.2±1.3 


60-69 


807,614 


19.6+1.5 


459,851 


23.4 + 1.9 


347,763 


16.1 ±2.0 


>70 


o25,/3o 


21. 6± 1.7 


26/, 031 


lo. 2 + 2.3 


C C Q HCYl 

55o,/0/ 


Zd.o±Z.d 


lotai 


3,380,676 


10.5 + 0.6 


1,937,226 


12.6+0.9 


1,443,449 


8.5±0.6 


Diabetes by FPG and HbAlc, yr 














30-39 


235,089 


2.9 ±0.6 


172,562 


4.2 ±1.2 


62,528 


1.6±0.5 


40-49 


718,345 


8.4±1.2 


479,398 


11.0±1.9 


238,947 


5.7±1.1 


50-59 


1,105,878 


15.6±1.2 


732,899 


20.7±2.2 


372,979 


10.6±1.3 


60-69 


957,113 


23.2+1.6 


516,242 


26.3+1.9 


440,871 


20.4 ±2.1 


>70 


990,260 


25.9+1.9 


345,104 


23.6±2.9 


645,156 


27.5±2.3 


Total 


4,006,686 


12.4±0.6 


2,246,205 


14.5±1.0 


1,760,481 


10.4±0.6 



Values are presented as mean ± standard deviation. 

FPG, fasting plasma glucose; HbAlc, glycated hemoglobin. 

"The prevalence of diabetes is based on a 201 1 population estimate. 
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Fig. 2. Prevalence of diabetes according to sex and age. FPG, 
fasting plasma glucose; HbAlc, glycated hemoglobin. 



diagnosed with diabetes when using HbAlc criteria. This per- 
centage was higher than the 1.2% of participants with HbAlc 
<6.5% and fasting glucose > 126 mg/dL among subjects with 
undiagnosed diabetes. This group may have been living with 
undiagnosed diabetes for a significant period of time. There- 
fore, it is thought that chronic hyperglycemia and delays in di- 
agnosis might contribute to reduction of renal function. 



As expected, the prevalence of diabetes and prediabetes in- 
creased with increasing age. Using HbAlc as a diagnostic tool, 
elderly patients were more likely to be diagnosed with diabetes 
and prediabetes. The prevalence of diabetes in elderly patients 
was higher after including HbAlc level, which partly reflects 
postprandial hyperglycemia, one of the earliest presentations 
of diabetes [9,10,17]. Using HbAlc levels ranging from 5.7% 
to 6.4%, the prevalence of prediabetes was 38.3% of the popu- 
lation, twice as high as the prevalence of prediabetes using FPG 
criteria alone over all age groups. High levels of HbAlc indi- 
cated high risk of subsequent diabetes. It is necessary to deter- 
mine the optimal cut-off values of HbAlc for prediabetes that 
may require further intervention and management. This was a 
tradeoff in that a higher cutoff value would be better for pa- 
tients at higher risk for the disease but was ultimately not cost- 
ly. First, the relationship between HbAlc level and increased 
incidence of diabetes should be clarified with prospective stud- 
ies in Korea. Next, prediabetic cutoff points of HbAlc must be 
identified and selected according to capacity for management, 
budget, and effectiveness of the intervention such as lifestyle 
modifications [18]. 

Racial and ethnic differences in HbAlc have been reported 
[19-22] . In contrast to data of the United States National Health 
and Nutrition Examination Survey, our data showed that the 
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Table 4. Prevalence of prediabetes according to sex and age 



Age 


Total 


Male 


Female 


Number' 


% 


Number 3 


% 


Number 3 


% 


Prediabetes by only FPG, yr 














30-39 


944,710 


11.6+1.3 


608,773 


14.7±2.0 


335,937 


8.5±1.5 


40-49 


1,755,320 


20.5 + 1.8 


1,201,454 


27.7±2.7 


553,865 


13.2±1.8 


50-59 


1,577,755 


22.3 + 1.6 


966,656 


27.4 ±2.6 


611,099 


17.3±1.6 


60-69 


1,051,693 


25.5+1.6 


561,159 


28.6±2.5 


490,535 


22.7±2.2 


>70 


HHC\ OCT 


z0.3± 1.4 


11Ci id) 

3zy,65o 


n til q 


A A 1 TO/l 

441, zy4 


1 Q Q -u 1 O 

lo.o±z.O 


lotai 


6,110,430 


19.3±0.8 


3,667,699 


23.8±1.2 


2,432,730 


14.9±0.9 


Prediabetes by FPG and HbAlc, yr 














30-39 


2,116,116 


26.1 ±1.8 


1,307,105 


31.6±2.6 


809,011 


20.5±2.3 


40-49 


3,149,571 


36.9 ±2.0 


1,912,305 


44.0 ±3.1 


1,237,265 


29.5±2.1 


50-59 


3,118,135 


44.1 ±1.7 


1,549,386 


43.9 ±2.6 


1,568,749 


44.4±2.4 


60-69 


2,000,154 


48.5±1.7 


906,591 


46.2 ±2.4 


1,093,563 


50.5±2.5 


>70 


1,782,401 


46.7 ±2.1 


657,900 


45.0 ±3.0 


1,124,501 


48.0±2.8 


Total 


12,166,377 


38.3±1.1 


6,333,287 


41.0+1.4 


5,833,089 


35.7±1.2 



Values are presented as mean ± standard deviation. 

FPG, fasting plasma glucose; HbAlc, glycated hemoglobin. 

The prevalence of diabetes is based on a 201 1 population estimate. 
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Fig. 3. Prevalence of prediabetes according to sex and age. 
FPG, fasting plasma glucose; HbAlc, glycated hemoglobin. 

proportion of participants with HbAlc >6.5% and FPG < 126 
mg/dl was larger than that of participants with HbAlc <6.5% 
and FPG > 126 mg/dL among subjects with undiagnosed dia- 
betes [10]. Asians had higher HbAlc levels than whites after 
adjusting for factors that affected glycemia such as fasting and 
postload glucose level [19]. Hemoglobin glycation rate, red 
cell turnover, and other unknown factors may contribute to 
racial and ethnic differences in HbAlc level [20,23,24]. It is 



50 100 150 200 

Fasting glucose (mg/dL) 



250 



Fig. 4. The association of fasting plasma glucose and glycated 
hemoglobin (HbAlc). 

not known, however, if these racial and ethnic differences in 
HbAlc are related to the risk of microvascular or macrovascu- 
lar complications. Therefore, an HbAlc threshold of 6.5% 
should be validated to detect diabetic complications in Korea. 
For example, the association between hyperglycemia and dia- 
betic retinopathy was the basis for the diagnosis of diabetes 
[25], and in a cross- sectional cohort study, an HbAlc thresh- 
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old of 6.5% was appropriate to detect diabetic retinopathy in 
Korean patients [26]. Further studies are necessary to define 
the relationship between HbAlc and risk for diabetic compli- 
cations. 

Because of methodological differences among laboratories, 
the HbAlc assay has been standardized through national pro- 
grams in the USA, Japan, and Sweden [27-29] . Furthermore, 
for global standardization of HbAlc measurements, the Inter- 
national Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC) introduced a new reference method to allow 
for the conversion of values obtained by previous measure- 
ments in different countries [30] . This national and global stan- 
dardization should be required to adopt HbAlc in the clinical 
setting and to compare data obtained from many countries. 
The International HbAlc Consensus Committee recommend- 
ed that HbAlc results be reported in IFCC units (mmol/mol), 
derived National Glycohemoglobin Standardization Program 
units (%), and estimated average glucose level [31] . 

The strength of our study was that these data were based on 
a nationwide population that was representative of Korean pa- 
tients. To our knowledge, this was the first study to investigate 
the prevalence of diabetes and the characteristics in newly di- 
agnosed diabetes using newly revised recommendation guide- 
lines. This study had some limitations. We raised the issue that 
prediabetes was largely increased and had a prevalence of al- 
most 40% in the Korean population aged >30 years using new 
diagnostic criteria of diabetes. In a prospective cohort study, 
the 4-year risk of diabetes in subjects with HbAlc of 5.5% to 
6.4% was 2.66 times greater compared to patients with HbAlc 
level <5.5% [32]. In another prospective, community-based 
cohort study, an HbAlc cutoff of 5.6% was appropriate for the 
identification of patients at risk of developing diabetes [33] . 
Another 4-year longitudinal study showed that an HbAlc cut 
point of 5.7% was suitable for predicting future cases of diabe- 
tes [34] . However, we could not determine an optimal cut point 
of HbAlc for classifying cases of prediabetes that required fur- 
ther intervention. Finally, OGTTs were not performed in the 
KNHANES and therefore could be not compared to data col- 
lected in this study for the diagnosis of diabetes. 

In conclusion, diabetes and prediabetes are largely increased 
when HbAlc is added as a diagnostic test. Using FPG only can 
underestimate detection of diabetes and prediabetes. We ex- 
pect new recommendations to be helpful for detection of sub- 
jects with early diabetes at risk for complications. Therefore, 
we conclude that HbAlc is an appropriate complementary di- 



agnostic test for diabetes in Korean patients. 
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